Tectonic contribution of activity level of 238 U in groundwater based drinking water in Gosa and Lugbe area of Abuja were measured using Inductively Coupled Plasma Mass Spectrometry (ICP-MS). The highest activity level of 2736 μBq L -1 reported in Lugbe borehole whereas the lowest value of 443 μBq L -1 reported at Gosa borehole. The inhabitants permanently used water from the boreholes for daily consumption. The group receives 5.55 x 10 -5 mSv of the annual collective effective dose due to 238 U in drinking water. The radiological risks of 238 U in the water samples were found to be low, typically in magnitude of 10 −7 with cancer mortality value of 1.03 × 10 -7 and morbidity value of 1.57 x 10 -7 . The chemical toxicity risk of 238 U in drinking water over a life time consumption has a mean value of 4.0 x 10 −3 µg kg -1 day -1 . It could be that the human risk due to 238 U content in groundwater supplies from ingestion may likely be the chemical toxicity of 238 U as a heavy metal rather than radiological risk. Significantly, Lugbe subsurface may have developed some fractions of granitic strata that contributed to the distribution of radioactive of 238 U in tectonically weak zones.
In nature, radioactivity of groundwater shows great variations. It is derived primarily from radioactive rocks and minerals with which the water is in contact. Groundwater is most favored as a source of drinking water in Africa [1] . It is often thought to be cleaner and easier to treat when compared with surface water and as a result, many wells have been sunk. However, groundwater can be contaminated by anthropogenic activities while naturally it contains several chemical components, which can lead to different kinds of health problems. According to [2] a groundwater source can potentially contain several naturally occurring chemical elements, many of which are not tested routinely as indices of water. The International Commission on Radiological Protection,ICRP, provides recommendations and guidance on all aspects of protection against ionizing radiations, which are published in the commission's own scientific journal, the Annals of the ICRP, [3] . The process of exposure starts through ingestion of groundwater, surface water that contains radionuclides; after entering the human body, radionuclides are typically accumulated in the skeleton, liver, kidney and soft tissues. Ingested radionuclides are not entirely retained in the human body. Uranium isotopes during their disintegration course decay into other radioactive elements and eventually decay to stable lead isotopes and in the process emit beta and gamma radiation [4] . The uranium concentration in groundwater depends on lithology, geomorphology and other geological conditions of an area [5] [6] [7] . Previous investigation has shown that the concentration of radium in water is correlated with its salinity [3] . As the salinity of mine waters usually increases with depth, waters with higher radium concentration occur in the deeper levels. In groundwater, uranium occurs in dissolved and particulate form due to minerals such as uranite, pitchblende and cornalite or as secondary mineral in the form of complex oxides of silicates phosphates, vanadates, lignite and monazite sands [8] . Uranium (a primordial radionuclide) occurs in a dispersed state in the earth's crust.
Uranium salt is the most soluble of the long-lived radionuclides and forms ions with oxidation states of +4 (UO 2 and U 4+ ) and +6 (UO 3 and UO2 2+ ) [9] . In groundwater, uranium concentrations greater than 50 ppb are quite rare and have generally been found only in aquifers containing uranium mineralizations bearing formation. Naturally, uranium occurs by mass of isotope proportions as 99.275 % for 238 U, 0.72 % for 235 U and 0.005 % for 234 U. Therefore, theoretically, the mass concentration of 235 U or 234 U in water is negligible compared to 238 U according to [10] .
However, many uncertainties persist regarding the behavior of these radio-elements in rock water systems, mainly due to the relative importance of nuclear alpha particle recoil and chemical processes, such as ion exchange, sorption and precipitation [11] . All levels of exposure pose some probability of an adverse response. There is an assumed linear response at low doses.The linear approach is used for direct-acting carcinogenic agents, those that cause chemical changes (mutations) to DNA. Recently, Swenberg et al., [12] have evaluated the biological relevance of DNA modifications such as DNA breaks and their direct consequences.
Uranium is more harmful due to its toxic nature rather than its radioactivity. It has been identified as a nephrotoxin by the World Health Organization [13] , implying it is a naturally produced chemical, which may cause kidney damage. Studies of human and laboratory animals have shown that uranium exposure through injestion leads to kidney problems [14] . During the last few years, a number of studies have been carried out to investigate the anomalous behavior of uranium isotopes in surface water [15] , groundwater [16] and sediment [17, 18] respectively.
In Abuja, less information are available on activity and toxicity levels of uranium on groundwater since the majority of the inhabitants rely of groundwater due to inadequate public water supply by Water Board is inadequate to meet up with public demand [19] . The present work was to determine the concentrations, radiological and chemical toxicity risks of 238 U on the inhabitants that permantly based on groundwater for survival in the area and to draw a comprehensive baseline.
Geology and Hydrogeology of the Study Area
The study area is located within the crystalline basement of Nigeria. The rocks of this area are mainly migmatite, Leucocratic granite, quatzmonite and granodiorite. Other geological and geophysical information in the staudy area are reported elsewhere, [20] . Existing hand-dug well coupled with previously drilled boreholes in the area offer good hydrogeological control in the region as reported by [20] . The drilling point coordinates at Kubwa lies within lat. Water samples were collected in high density polyethylene containers at the borehole site from the study areas in Nigeria. They were previously washed in a solution of 10 % nitric acid for 15 minutes, followed by repeated rinsing with distilled water and finally rinsing with ultrapure water (resistivity of about 18 Mῼ cm -1 ). Before the sample collection, the prepared collection containers were kept in sealed polyethylene bags. Borehole water samples were stabilized with 5 ml of nitric acid in each litre of water. For accurate determination of elemental compositions in groundwater samples, a solution analytical method was used; a multi-standard calibration method was applied using Elan 9000 instrument that performs analysis at parts-pertrillion and lower (ICP-MS). ICP-MS is a relatively new method for determining multi-element analysis and ideal for groundwater, since the vast majority of target compounds can be detected below 0.1 mg L -1 .
Sample Analysis using ELAN 9000 Instrument and Technique
Determination methods used in this study for analysing radionuclides and other heavy metals have been accredited according to ISO standard 17025 (European Standard EN ISO/IEC 17025:2000). All raw data, including methods and parameters used, are stored in an encrypted, checksum-protected data set, in order to guard against data tampering. Audit trails that capture file, system and security-related events provide traceability for most software applications. The powerful quality-control system allows one to set limits, parameters and standards based on U.S.
EPA, [22] . Table 2 .0 presents the activity concentrations of 238 U that were determined in groundwater samples taken from the study area. The data in Table 2 .0 were converted to ߤBq L -1 using the conversion factor of 15 µg L -1 (0.19 Bq L -1 ), [23] . The activity concentrations of 238 U in the water supplies for drinking and domestic purposes were found to be higher at Lugbe interaction and thorough mineral contacts with groundwater system, [25] . Table 2 .0 summarizes the concentrations of 238 U in groundwater in the study area and compared to other work published elsewhere, [26] [27] [28] [29] [30] [31] [32] . It was noted that the concentrations of 238 U in this present work are distinctly lower than other works reported in other countries except in Brazil, 0.08 µg L -1 , [27] , which is distinctly lower than the values noted in Gosa, Lugbe, Water Bored and hand-dug well, , 0.035 ± 0.00 µg L -1 , 0.216 ± 0.01 µg L -1 , 0.144 ± 0.00 µg L -1 and 0.192 ± 0.00 µg L -1 respectively as shown in Table 2 .0. The concentration of 238 U was lower at Gosa compared to water board and Hand dug well whereas the concentration at Lugbe borehole was higher than both water board and hand-dug well in contrast. The highest concentration was noted in Lugbe with a value of 0.216 ± 0.01 µg L -1 which may be due to the uranous state (+IV) deposit in the host aquifer bearing rock that may have been oxidized to uranyl condition (+VI ). This could be the influence of tectonic activity of weak zones resulting into dissolution of rock minerals in groundwater system around Lugbe basement groundwater channel. It could be observed that the concentration of 0.216 ± 0.01 µg L -1 found at Lugbe borehole was closer to the value of 0.5 µg L -1 reported at Slovavenia, [26] . The closeness of the reported value in Brazil, 0.08 µg L -1 to the present study, especially the value obtained at Gosa borehole with a value of 0.035 ± 0.00 µg L -1 may be due to similar geology soil type of aquifer bearing rocks of maicaceous sandston. According to [33] , uranium gets into the blood through the soft tissues and excretes in urine. It can be excreted in a few months, whereas the parents could be retained for years. Uranium exchanges with Ca 2+ accumulate in the surface of the bone and a highly concentrated area of growth. The liver accumulates 1.5 to 2% of which most of it removed in a few weeks.
Results and Discussion

Accumulation of Radionuclide ( 238 U) in Humans and Recommendations for the Maximum Permissible Limit
Furthermore, the radioactivity of uranium has chemical toxicity that predominately affects the kidneys [14, 37] . From the reference work done elsewhere, the uranium concentration is limited mainly by chemical toxicity rather than the effective dose [38] . In 2003, the World Health
Organization proposed a provisional guideline of 15 µg L -1 (0.19 Bq L -1 ). The result of this present study is below the recommended limit and within the range for the standard guideline for drinking water as shown in Table 3 .0.
Radiological Risk Assessment of 238 U in Groundwater from the Study
Area
The radiological risk assessment was to evaluate the life time cancer risk associated with the intake of a given radionuclide in groundwater. The lifetime cancer risks ܴ, associated with the intake of a given radionuclide were estimated from the product of the applicable risk coefficient, ‫ݎ‬ and the per capita activity intake, ‫ܫ‬ expressed in Equation (2.0).
ܴ = ‫ݎ‬ ‫ݔ‬ ‫ܫ‬ (2.0)
According to [39] , the average life expectancy at birth in Nigeria is 45.5 y and, an annual consumption of water for an individual is about 731 ‫.ܮ‬ This brings the lifetime intake of water to ‫.ܮ512,33‬ The cancer risk coefficients of uranium 1.13 × 10 -9 Bq -1 for mortality and 1.73 × 10 -9
Bq -1 for morbidity respectively were obtained from the literature [40, 41] . Using Equation 2.0 and these coefficients, the cancer mortality and morbidity risks of uranium over lifetime consumption of water were calculated and the results are presented in Table 4 .0.
In [42] . The cancer risk at 10 -7 is low compared to the acceptable level of 10 -3 for the radiological risk [40] by a factor of 10 -4 . It can be observed that cancer mortality and morbidity risks reported higher at Lugbe borehole could be attributed to tectonic activity of deforemed fractures which enabled water to trap at the near surface since the subsurface geology permits the rapid downward movement of water sources from the source.
Chemical Toxicity Risk of 238 U in Groundwater from the Study Area
The chemical toxicity was to determine the effect of the carcinogenic and noncarcinogenic risks associated with 238 U in the water sample selected for this study. The analysis was done using inductively coupled plasma mass spectroscopy (ICP-MS). The chemical toxicity risk was evaluated using the lifetime average daily dose of 238 U through drinking water intake, and compared it with the reference dose (RFD) of 0.6 µg kg -1 day -1 [40] where, LADD is lifetime average daily dose (µg kg -1 day -1 ), EPC is the exposure point concentration (µg L -1 ), IR is the water ingestion rate (L day -1 ); EF is the exposure frequency
(days year -1 ), ED is the total exposure duration (years), AT is the average time (days) and BW is the body weight (kg). Using therefore, IR = 2 L day -1 , EF = 350 days, ED = 45.5 y, AT = 16,607.5 (obtained from 45.5 × 365) and BW = 70 kg (for a standard man). The chemical toxicity risk for uranium over a lifetime consumption was estimated and presented in Table 5 . Comparing the LADD obtained in this study and the RFD (0.6 µg kg -1 day -1 ) that is an acceptable level [44] , the chemical toxicity risk due to 238 U in the water samples were all below the RFD. This shows that there may not be health risks associated with 238 U in the water samples which are mainly due to the chemical toxicity risk of 238 U.
Estimation of Hazard Quotient of U-238 in the Water Samples of the Study Area
A hazard quotient is the ratio of the potential exposure to a substance and the level at which no adverse effects are expected. if the hazard quotient is calculated to be less than 1, then no adverse health effects are expected as a result of exposure. if the hazard quotient is greater [22] . the hazard quotient cannot be translated to a probability that adverse health effects will occur, and is unlikely to be proportional to risk. it is especially important to note that a hazard quotient exceeding 1 does not necessarily mean that adverse effects will occur. the calculation was based on the expression in equation (4.0). Table   6 .0 presents the hazard quotient of the measured water samples in the study area with the highest value reported in hand-dug well, whereas the lowest value was noted in the gosa borehole water sample. in contrast with the international organization standard, the values obtained in this present work are in agreement with [22] a value less than one (< 1).
CONCLUSION
In the study area, the mean annual effective dose from the natural radionuclide ( 238 U) for the users of borehole was estimated to be 5.55 x 10 -5 mSv of the annual collective dose. The highest activity concentration of radionuclide was noted in Lugbe Borehole with a value of 2736
μBq L -1 . The lowest value was reported at Gosa borehole which was geologically attributed to redox condition of 238 U due to non-interconnectivity of fractures that serve as pathway for transports of sediments through the groundwater system. The radiological risks of 238 U in the water samples were found to be low, typically in magnitude of 10 −7 . It could be that the human risk due to 238 U content in water supplies both from groundwater and public water that will result from ingestion in the area may likely be to the chemical toxicity of 238 U as a heavy metal rather than radiological risk. The highest hazard quotient of 8.3 x 10 -3 noted in Hand-dug well was far below the permissible limit of < 1 according to [22] . Interestingly, the water Board reported distinctly high activity concentration of radionuclide compared to Gosa drilled well in the study area but below recommended limit. Significantly, this study has created a fingerprint of the Table 5 .0: The estimated lifetime average daily dose (LADD) of uranium in the water samples. Hand-dug well 8.3 x 10 -3
